10. The data we report were obtained from the following typical experimental procedures. All data has been shown to be reproducible with an error of ϳ5%. The oxidation of methane was conducted in a 300-ml high-pressure, stirred autoclave from Autoclave Engineers. The reactor was modified so that all the internal parts were either glass-lined or made from tantalum. The reactor was equipped with baffles, a hollow shaft/impeller, and was stirred at 1500 rpm to insure thorough gas-liquid mixing during the reaction. The reactor was loaded with the Pt catalyst (typically 20 to 50 mM) along with 80 to 120 ml H 2 SO 4 (at desired concentration), and the system was degassed with N. The reactor was heated to the desired reaction temperature (typically between 180°and 220°C), and a mixture of 97% methane and 3% neon was added to a total pressure of 500 psig. The methane/neon feed was added to the reactor from a known-volume reservoir in which the temperature and pressure of the gas was measured before and after addition so that the total moles of methane/neon added to the reactor could be accurately determined. The reaction was typically allowed to proceed for 1 to 3 hours. Cooling to near room temperature with an external, water-cooled line stopped the reaction, and the gas phase was vented into a 20-liter pressure vessel. After allowing several hours for thorough gas mixing, the vented gas was analyzed with a Hewlett-Packard 5880 GC equipped with a Hayesep D column and a thermal conductivity detector. The molar composition in the vented gas (primarily CH 4 , CO 2 , SO 2 , and CH 3 Cl) was determined on the basis of the reference neon internal standard; molar ratios of the gases; and the temperature, pressures, and volume of the vented gas. The liquid phase remaining in the 300-ml high-pressure reactor was analyzed by 1 H and 13 C NMR and highpressure liquid chromatography (HPLC) analyses. For NMR analysis, a known amount of acetic acid was added to an aliquot of the reaction solution as an internal standard. Methyl bisulfate (and any free methanol) was determined from the ratio of the 1 H NMR methyl resonances of methyl bisulfate (3.4 ppm) to acetic acid (2.02 ppm). The methyl products were also quantified by HPLC analysis of the liquid phase. Known volume aliquots of reaction solution were first hydrolyzed by the addition of three parts water to one part crude reaction solution and heated to 90°C for 4 hours in a sealed vial. The hydrolyzed solution was analyzed with a Hewlett-Packard 1050 HPLC equipped with an HPX-87H column (Bio-Rad) and a refractive index detector. The eluent was 0.1 volume % H 2 SO 4 in water. Methanol eluted at 16.2 min. The gas phase (CH 4 , CO 2 and CH 3 Cl) and liquid phase (CH 3 OSO 3 H and CH 3 OH) analyses allowed Ͼ90 to 95% mass balance on methane. 11. Oxidation of the Pt(II) center to Pt(IV ) occurs as evidenced by changes in the solution NMR spectra. Free ligand is generated, but no reaction at the C-H bonds is observed. 12. Calculated volumetric productivity based on the liquid phase for this reaction is ϳ10 -7 mol ml -1 s -1 ; Catalyst turnover number (ϳ20) and catalyst TOF (ϳ10 -3 s -1 ) were values obtained over the integrated reaction time. 13. The catalyst was still active after 500 turnovers. The reaction was stopped at this point. The actual number of turnovers before the regeneration would be required has not been determined. 14. The exact value depends on the value for the solubility of methane in H 2 SO 4 used in the calculations. 15. M. W. Holtcamp, J. A. Labinger, J. E. Bercaw, J. Am.
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The network of moisture-sensitive treering chronologies now available for the United States has recently been used to reconstruct summer drought and wetness on a continent-wide basis from 1700 to 1978 A.D. (1) . Much longer chronologies are available for some areas, including a network of 800-year-long baldcypress (Taxodium distichum) chronologies for the southeastern United States. These exactly dated tree-ring proxies of growing-season climate can provide unique information on environmental conditions during the early colonial history of the eastern United States. Here, we use two long baldcypress chronologies to reconstruct the Palmer hydrological drought index (PHDI) (2) for the Tidewater region of southeastern Virginia and northeastern North Carolina ( Fig. 1 ) and show that extreme drought afflicted the first English attempts to colonize the New World at Roanoke and Jamestown Island. Centuries-old baldcypress trees survive locally along the Blackwater and Nottoway rivers in southeastern Virginia (Fig. 1) , and exactly dated tree-ring chronologies were developed nondestructively for each location (3). Both chronologies are directly correlated with precipitation and are inversely correlated with temperature during the growing season (April to July), in spite of the frequently flooded riparian habitat of the sample trees (4). A regional baldcypress tree-ring chronology was computed as the arithmetic mean of the Blackwater and Nottoway rivers' chronologies for the common period 1185 to 1984 A.D. (variance trend due to low sample size in the early years was removed). The regional chronology is well replicated (Ͼ26 cores from 12 trees after 1225, and 62 cores at 1600) and was used to reconstruct regionally averaged July PHDI for the Tidewater and eastern Piedmont climatic divisions of Virginia and the northern and central coastal plain divisions of North Carolina (5) . This large homogeneous climatic province includes Jamestown, Roanoke Island, and most of the drainage basins of the Blackwater and Nottoway rivers. The PHDI is closely related to the Palmer drought severity index, and both are used by the National Weather Service to monitor drought and wetness conditions across the United States (6). The July PHDI integrates the effects of spring and summer precipitation and temperature anomalies on the soil water balance (2) and is an excellent measure of To calibrate the tree-ring and July PHDI data, the regional PHDI were first prewhitened with autoregressive (AR) modeling (7). July PHDI was modeled as an AR-1 process, with an AR-1 coefficient of 0.285. Regression was then used to estimate prewhitened July PHDI (y t ) from the prewhitened regional tree-ring chronology (x t ), each in year t:
This model was developed for the period 1941-1984 and explains 44% of the variance in the instrumental July PHDI (Table  1 and Fig. 2 ). The AR coefficient of the instrumental July PHDI was then used to add the observed persistence structure back into the July PHDI estimates derived from Eq. 1. Estimated July PHDI (y t ) was compared with instrumental July PHDI available from 1896-1940 to validate the transfer function (Fig. 2) . The suite of statistical tests for the 45-year verification period indicate that the tree-ring reconstruction provides a reasonable approximation of actual conditions, especially the first-differenced interannual fluctuations of July PHDI (Table 1).
Early Spanish references to Virginia climate further validate the accuracy of this tree-ring reconstruction at the opening of the colonial period. In September 1570 Father Juan Batista de Segura wrote that the Chesapeake Bay region had experienced 6 years of maize and wild-fruit shortages, famine, death, and parched soil (8) . This is consistent with the reconstruction of July PHDI, which indicates a prolonged drought from 1562 to 1571 that was most severe from 1565 to 1569 (Fig. 3) . Segura's commentary also documents the sensitivity of the native Algonquian subsistence system to prolonged drought, which we estimate recurred with equal or greater severity during the English settlement of Roanoke and Jamestown.
The full reconstruction of July PHDI extending from 1185 to 1984 A.D. (Fig. 3A) indicates that substantial interannual and decadal variance of growing-season moisture supply has been typical of the Tidewater region for at least the past 800 years. How- ever, the tree-ring data specifically indicate that extraordinary drought conditions attended the settlement of both the Roanoke and Jamestown Colonies (Fig. 3) . The Roanoke colonists were last seen by their English associates on 22 August 1587, the summer when the tree-ring data indicate the most extreme growing-season drought in 800 years (Fig. 3A) . This drought persisted for 3 years, from 1587 to 1589, and is the driest 3-year episode in the entire 800-year reconstruction (Fig. 3) . The tree growth anomaly map for the period 1587-1589 (Fig. 4A) indicates that the Lost Colony drought affected the entire southeastern United States but was particularly severe in the Tidewater region near Roanoke. The tree-ring reconstruction also indicates that the settlers of Jamestown Colony had the monumental bad luck to arrive in April 1607, during the driest 7-year period in 770 years (Fig. 3) . The cypress growth anomaly map for the Jamestown drought (1606-1612) indicates that the most severe inferred drought conditions occurred in the Tidewater region near Jamestown and that above-average growth (inferred wetness) was recorded in the Mississippi Valley (Fig.  4B ). This synoptic pattern is not unprecedented. A reasonable analogy can be drawn to the summer of 1993, when heavy precipitation brought record flooding to the Midwest, and severe drought occurred simultaneously over the southeastern United States (9) .
The tree-ring data raise many interesting questions about early colonial history, beginning with the fate of the Lost Colony. Extreme drought should now be considered among the several factors responsible for the failure of the Roanoke Colony (10-13). Certainly, the native Croatan were concerned about the poor condition of their crops in 1587 (13) , and the tragic shooting of friendly Croatan by the Roanoke colonists was a case of mistaken identity that arose in part from the Croatan need for food (11) . The Lost Colony drought persisted for 3 years, and the Segura commentary (8) indicates that it would have created a major subsistence crisis for the native inhabitants. The Lost Colonists were dependent to a great degree on these native societies, and their dependence would have aggravated any food shortages.
Did drought contribute to the alarming mortality and near abandonment at Jamestown Colony? Only 38 of the 104 original settlers were still alive after the first year at Jamestown, and 4800 of the 6000 settlers sent to Jamestown between 1607 and 1625 died during this extraordinary period (10, 11) . Malnutrition was a leading cause of death at Jamestown (10) . In fact, mortality estimates for Jamestown Colony from 1608 to 1624 (14) as well as for the first year at Roanoke Island are significantly correlated with the tree-ring reconstructed July PHDI (Fig. 5) [1585-1586 is reconstructed as moist and only 4 of 108 people perished at Roanoke (10)]. The colonists were expected to live off the land and off trade and tribute from the Indians (11) . But this subsistence system would have left the colonists extremely vulnerable during drought. Archival sources indicate that the native Algonquian people and the English domestic livestock also suffered during the years of heavy mortality among the colonists (10) .
Poor water quality is another factor implicated in the ill health suffered at Jamestown (14, 15) , and water quality is poorest during drought (16) . The lower James River is a brackish estuary, and there are archival references to foul drinking water and associated illnesses among the settlers, particularly before 1613 (14) . Reduced freshwater discharge during regional drought is associated with increased concentration of salt in the lower James River and in shallow aquifers in the vicinity of Jamestown (16) .
The Roanoke and Jamestown colonists have been criticized for poor planning, poor support, and a startling indifference to their own subsistence (10) (11) (12) (13) . But the tree-ring reconstruction indicates that even the best planned and supported colony would have been supremely challenged by the climatic conditions of 1587-1589 and 1606-1612. The Kondo effect arises from the quantum mechanical interplay between the electrons of a host metal and a magnetic impurity and is predicted to result in local charge and spin variations around the magnetic impurity. A cryogenic scanning tunneling microscope was used to spatially resolve the electronic properties of individual magnetic atoms displaying the Kondo effect. Spectroscopic measurements performed on individual cobalt atoms on the surface of gold show an energetically narrow feature that is identified as the Kondo resonance-the predicted response of a Kondo impurity. Unexpected structure in the Kondo resonance is shown to arise from quantum mechanical interference between the d orbital and conduction electron channels for an electron tunneling into a magnetic atom in a metallic host.
The smallest magnetic structure in condensed matter physics is a single magnetic atom in a nonmagnetic host, often referred to as a Kondo impurity. The spin of a Kondo impurity interacts with the spin of surrounding conduction electrons, leading to anomalous transport properties in dilute magnetic alloys (the Kondo effect) (1). For temperatures below a characteristic Kondo temperature (T K ), this interaction causes the electrons of the host metal to condense into a many-body ground state that collectively screens the local spin of the Kondo impurity (2). This screening cloud exhibits a dense set of low-energy excitations called the Kondo resonance that strongly influence Kondo systems (2, 3) . Hallmarks of the Kondo effect are the disappearance of the Kondo resonance at temperatures above T K , and the splitting of the resonance in an applied magnetic field (2) . Although this theoretical picture has developed over more than 30 years and explains a wealth of data on magnetic alloys and rare earth compounds (2, 4) , there remains a surprising lack of direct experimental confirmation of the theory. For example, to date there has been no direct spectroscopic observation of the Kondo resonance for an isolated, wellcharacterized magnetic impurity in a nonmagnetic host (5), nor have there been conclusive measurements of the size of the Kondo screening cloud (6-8).
We report measurements of the local electronic structure of an isolated Kondo impurity on a metallic substrate. We used a scanning tunneling microscope (STM) to obtain spectroscopic data on individual cobalt (Co) atoms deposited onto the (111) face of a clean gold (Au) crystal at 4 K. These measurements reveal an electronic resonance centered about the Fermi energy (E F ) that has an energy width of only 11 meV and is localized to within a radius of 10 Å from the center of a Co atom. Because Co-Au is a known Kondo system (3, 9-11), we interpret these data as evidence of the Kondo resonance for a single, well-characterized magnetic impurity. The line shape of the observed Kondo resonance is not Lorentzian, but rather has the asymmetric shape that is characteristic of a Fano resonance (12). We can explain this line shape by generalizing Fano's formalism to include tunneling into an impurity with strong Coulomb repulsion. Asymmetry in the Kondo resonance line shape is thus understood to result from quantum interference between the d orbital and continuum tunneling channels of the magnetic atom.
Cobalt in bulk Au has a high Kondo temperature (300 to 700 K) (3, 9, 10) , and there is evidence that Co atoms are magnetic on Au surfaces with T K ϭ 19 K (11). At 4 K the collective Kondo ground state is thus formed (T Ͻ T K ). We cleaned the single crystal Au(111) substrate in ultrahigh vacuum (UHV) by repeated cycles of Ar ion sputtering and annealing. The Au(111) surface was then cooled to 4 K and dosed in UHV with a calibrated Co evaporator. Imaging and spectroscopy were performed with a homemade UHV STM held at the same temperature as the Au sample (4 K). The convention used here is that the bias across the STM tunnel junction (V) is the voltage of the sample with respect to the tip.
A 400 Å by 400 Å image of the Au(111) surface after deposition of a 0.001 monolayer coverage of Co (Fig. 1) shows the wellknown Au(111) herringbone reconstruction (13), seen as ridges (or "soliton walls") traversing the surface. The soliton walls separate regions of face-centered cubic (fcc) and hexagonal close-packed (hcp) ordering on the surface (13) . Approximately 22 wellisolated Co atoms can be seen as regular 0.8 Å high cones scattered about the surface (some surface defects can also be seen). Closer examination shows that the Au sur- 
